Abstract-In the present paper, detailed cytomorphological investigations in Oxyria digyna Hill. from Kash mir Himalaya-India have been reported for the first time. All the 14 investigated populations of O. digyna are diploid based on x = 7. Out of these in two populations 0-2B chromosomes have been recorded for the first time while 6 populations differed significantly in their meiotic characteristics. Meiotic abnormalities during male meiosis observed include inter PMC chromatin transfer (cytomixis). Non synchronous disjunc tion of some bivalents, laggards and bridges at anaphases and telophases. Consequent to these meiotic anom alies, microsporogenesis in meiocytes is abnormal resulting in to dyads, triads and polyads with or without micronuclei. The overall effect is seen in reduced pollen fertility. Unreduced pollen grains were observed in some populations, which differed significantly in their size compared to the normal (reduced) pollen grains. It is observed that a smaller frequency of pollen grains differed morphologically in Aharbal and Yosmarg pop ulations. The remaining eight populations showed regular meiotic course, normal microsporogenesis and high percentage of pollen fertility (95.09-99.09 %).
INTRODUCTION
The mountain Sorrel (Oxyria digyna Hill.), a monotypic species of family Polygonaceae is a succu lent herb having rounded, cordate or reniform mostly radical leaves and greenish or reddish flowers borne in panicles. In India, it is found in the higher reaches of Himalayas from Kashmir to Sikkim and flowers from May-July. The herb has antiscorbutic and refrigent properties [1, 2] . Its leaf extract is used to improve digestion by tribals in Ladakh [3, 4] . It is a highly cold tolerant species and can survive under continuous snow cover for two to three years in succession [5] . The different populations of the species are quite distinct morphologically and show considerable variation in leaf size, stem/petiole colour and inflorescence size, etc. Cytological data have aided or even made possible taxonomic decisions for example in tracing the origin of hybrids. Though the available literature indicates that the species has been cytologically investigated across the world but no chromosomal information is available about Indian germplasm of O. digyna. To fill in the lacunae, therefore, the present study on meiotic analysis of 14 populations of this species from Kashmir Himalaya was undertaken to understand the cytologi cal status of this species. 1 The article is published in the original.
MATERIALS AND METHODS
The plant material was collected from the wild populations of O. digyna from Kashmir and cold deserts of Ladakh (J & K), India ( Fig. 1 ) during the months of May-July over a period of three years (2008) (2009) (2010) (2011) . The voucher specimens of all the cyto logically studied populations have been deposited in the Herbarium, Department of Botany, Punjabi Uni versity, Patiala (PUN). For meiotic analysis the young and unopened floral buds were fixed in freshly pre pared carnoy's fixative (6 alcohol : 3 chloroform : 1 acetic acid v/v/v) for 24 hrs and then preserved in 70% alcohol at 4°C in the refrigerator. The cytological preparations were made using the squash technique in 2 % acetocarmine. A number of temporary slides were examined to determine the exact chromosome num ber at different stages and meiotic abnormalities, if any. Pollen fertility was estimated following Marks [6] method using pollen stanibility and well filled nature as a measure of fertility. Shrunken and unstained pol lens were considered to be apparently infertile. Aver age size (equatorial and polar axis) of stained pollen grains has been estimated by taking several readings in case of each populations of O. digyna. Photomicro graphs of chromosome counts and pollen grains were taken from freshly prepared slides using Nikon 80i Eclipse microscope. For previous chromosome reports various indexes to plant chromosome numbers such as Darlington and Wylie [7] , Fedorov [8] and form a mat. The plants have small 1.8-2.5 × 2.5-3.0 cm (L × B) leaves with inflorescence growing up to 5.5 cm long ( Table 2 . Meiotic investigations in the plants of all the 14 populations revealed that all share the same chromosome number of n = 7. This can be confirmed by the presence of 7 bivalents at metaphase I (Fig. 2a) , equal distribution of chromosomes at anaphase I (Fig. 2b) . In two popu lations viz Lidderwat (3100 m) and Yosmarg (2300 m) 0-2B chromosomes were detected (Figs. 2c, 2d ). The meiotic course was normal in majority of the popula tions. As many as six populations of O. digyna worked out from Hirpora (2450 m), Turtuk Ladakh (3100 m), Aharbal (2200 m), Yosmarg (2300 m), Changmar Leh Ladakh (3000 m) and Lidderwat (3100 m) showed meiotic anomalies to a range of 8.94 to 23.13% PMC's during further course of male meiosis. Few PMC's with un oriented bivalents at metaphase I (Fig. 2f ) and non synchronous disjunction of 1-2 bivalents was seen in few populations (Figs. 2g, 2h ). Unequal distri bution of chromosomes was observed at anaphase I and anaphase II stages (Figs. 2i, 2j) in plants collected from Yousmarg and Lidderwat. As many as five popula tions exhibited the phenomenon of cytomixis (Table 2) . Narrow cytoplasmic channels forming 1-2 chromatin strands involving 2-5 PMC's were observed and the transfer of chromatin material was seen to be both uni and bidirectional (Figs. 2k, 2l ). The percentage of PMC's involved in chromatin material transfer ranged between 7.14-10.01%. The transfer of chromatin material resulted in the formation of hyperploid cells (Fig. 2m) . During the present study all the six abnor mal populations showed chromosomal stickiness with high percentage (4.34%) in the Hirpora population (2450 m) and lowest (1.49%) in the Changmar (3000 m) Leh Ladakh population (Fig. 2n) . Similarly presence of laggards and bridges at A I and A II (Figs. 2o, 2p) were the most common aberrations among all the abnormal populations. Consequent to these abnor malities, microsporogenesis was abnormal character ised by the presence of monads, diads, triads and poly ads with or without micronuclei (Figs. 2q-2s ).
Pollen fertility was reduced in all the abnormal populations (69-80%). The above mentioned meiotic irregularities lead to the formation of heterogenous sized apparently fertile pollen grains which can be cat egorised into large, small and normal sized pollens (Table 2) . Some pollen grains, though in small fre quency could not complete their cytokinesis after T II stage of meiosis and therefore remained together as a unit (Figs. 3a, 3b) . The occurrence of large sized pol len grains was observed in Aharbal (4.71%), Yosmarg (5.91%) and Liderwat (5.
µm) were also present. It was interesting to see that in Aharbal and Yosmarg populations a small percentage of pollen grains also differed morphologi cally. The different shapes of pollen grains observed were round, oval and elliptical (Figs. 3c-3h ).
DISCUSSION
Oxyria is a monotypic genus and exhibits morpho logical and chromosomal differences. The present diploid chromosome number of n = 7 for the species is the first report from India. It is also note worthy that the B chromosomes (0-2B) have been reported for the first time in the genus. Earlier studies revealed 2n = 14, 28, 42 (diploid, tetraploid and hexaploid cytotypes) [13] [14] [15] [16] [17] [18] [19] .
B chromosomes can be present or absent in differ ent individuals within a population and do not pair or recombine with any of the A chromosomes during meiosis [20] . It is believed that B chromosomes may have arisen by the fragmentation of A chromosomes or by a greater degree of heterochromatinization [21] . Generally it is accepted that B chromosomes do not have any effect on the growth and development of plants, but it is now shown that pollen abortion in Ornithogalum candatum is related to B chromosomes [22] . It seems that there is no correlation between B chromosomes and pollen sterility.
Meiotic abnormalities. Present study has revealed the following meiotic abnormalities in this species.
Cytomixis in PMCs. Migration of chromatin mate rial among adjacent meiocytes occurs through cyto plasmic connections originating from the plasmodes mata formed within the anther tissues [23] . The role of cytomixis in plant evolution is considered an addi Vol. 48 No. 1 2014 tional mechanism for the origin of aneuploidy and polyploidy as it results in the formation of un reduced pollen grains as reported in several plant species [23] [24] [25] . In some cases, cytomixis may lead to the migra tion of whole chromatin among neighbouring meio cytes and lead to the formation of un reduced gametes. In the present case, hyperploid nature was seen in some PMC's and the product of such PMC's in these individuals yield variable sized fertile and ster ile pollen grains. No. 1 2014 Chromosome stickiness. Chromosome stickiness is characterised by chromosome clustering during differ ent phases of cell cycle and it ranged from a mild phe nomenon involving a few chromosomes to an exten sive one involving the entire chromosome comple ment. Genetic and environmental factors as well as genomic environmental interactions have been con sidered to be the reason for chromosome stickiness in different plant species [26, 27] .
Spindle abnormalities. Spindles play a crucial role in chromosome alignment during metaphase [25] . Any disturbance in the spindle apparatus may result in the random dis orientation of chromosomes in the PMC's. Multipolar spindles also produce un bal anced and sterile gametes. Environmental influence and genotypic interactions have been seen responsible for abnormal spindle formation [26] .
Non synchronous disjunction. Generally speaking, different chromosomes of a complement disjunct almost simultaneously, but in some taxa, non syn chronization in the disjunction of bivalents have been reported. These anomalies in the chromosome separa tion might be due to different rates of terminalisation of various chromosomes of a complement [28] , changed homology of chromosomes [29] , or absence of coordination between chromosome and spindle [30] . Sometimes due to late disjunction, bivalents lag behind forming micronuclei which ultimately lead to abnormal microsporogenesis. As a consequence of late disjunction of bivalents bridges are often noticed at anaphases and telophases due to interlocking of chias mata. The delayed separation of some biva lents in the presently investigated species caused irregular distribu tion of chromosomes at A I (8 + 6) and A II (8 + 8 + 6 + 6). This phenomenon can be considered of immense cytological significance as it can lead to the formation of gametes with n + 1 or n -1 number of chromosomes causing numerical variation in chromo some number.
Un reduced (2n) pollen grains. The trend to form 2n gametes in plants is highly variable and it varies among individuals within a single taxonomic group or even among flowers of an individual plant [31] . The production of unreduced gametes is heritable, gov erned by many genes and increases with increasing environmental stress, eg. Frost, wounding, herbivory, water deficit and lack of nutrients [32] . Different cyto logical mechanisms are responsible for the production of 2n gametes. It has been shown that 2n gametes in Brachiaria brizantha are produced from total absence either of the first or the second cytokinesis [33] . Fur ther, influence of seasonal and environmental factors such as high and low temperature on 2n gamete for mation have been shown [31] . Besides, cytomixis might have produced un reduced pollen grains in this species. Different methods (morphological, flow cytometery, cytological) have been used to detect 2n gametes. The most direct method of screening for 2n pollen involves the examination of the range of the size of pollens produced by an individual, as with increase in DNA content the cell volume increases which in turn influence the pollen diameter.
Vol. 48 No. 1 2014 Although the cytological status of these heteroge nous sized pollen grains could not be ascertained but certainly their role in the production of aneuploid and polyploid plants could not be ruled out, because of the apparent fertile nature of these pollen grains.
